INTRODUCTION
Species form the basis of analyses of biogeography, ecology and conservation biology (Sites & Marshall, 2004) , but many remain undescribed. With the increasing disturbance and destruction of natural ecosystems, there is an urgent need to document and catalogue new species before they become extinct. For centuries, systematic biologists, particularly monographers, have relied on morphological characters for diagnosing and delimiting species. However, speciation is not always accompanied by clear morphological differentiation. Morphology in some instances is difficult to use in delineating species, especially in so-called cryptic species, i.e. morphologically similar populations that are probably, or at least to some extent, reproductively isolated. Cryptic species are often found in poorly studied 'species complexes' or typically widespread morphologically variable species. Cryptic species are now being uncovered with the aid of molecular techniques (e.g. Dick, AbdulSalim & Bermingham, 2003; Hebert et al., 2004; Martínez-Ortega et al., 2004; Muellner, Pennington & Chase, 2009) and, in some instances, are subsequently confirmed with morphological and/or ecological data. This underscores the need for careful analysis of morphological data, taking into consideration all detectable differences coupled with analysis of habitat and distributional information, which may be as important as molecular data in discovering cryptic species.
An example of cryptic speciation can be found in Carapa Aubl., a poorly known genus of the mahogany family (Meliaceae). Species of this genus constitute a valuable timber resource in many countries and some also have medicinal uses (Bouquet, 1969; Kerharo & Adam, 1974; Adjanohoun & Ake Assi, 1979; Styles, 1981; Adjanohoun & Ahyi, 1985; Schultes & Raffauf, 1990; Gueye, Kenfack & Forget, 2010) . Carapa comprises small to large trees occurring in a wide range of habitats from gallery forest in savannas to humid forest, from sea level to above 2000 m elevation, in Africa, central and northern South America, and the West Indies (Fig. 1) . Within the family, morphological (Pennington & Styles, 1975) , anatomical (Kribs, 1930) and molecular data (Muellner et al., 2003) place Carapa in subfamily Swietenioideae. Within this subfamily, the septifragal capsule and unwinged seeds with a woody testa are unique distinctive features of this genus. In the past, questions have been raised about the generic boundary between Carapa and the morphologically similar mangrove genus Xylocarpus Koen. In fact, taxa currently placed in the two genera were treated under Carapa by Lamarck (1785) and de Candolle (1878) , and it was only in 1896 that Harms reinstated Xylocarpus (Harms, 1896) . Since then, while there has been agreement concerning the generic boundaries of Carapa, there has been substantial disagreement over the number of species recognized within the genus and their circumscription.
In his monograph of Meliaceae, de Candolle (1878) recognized six species of Carapa, of which two were later transferred to Xylocarpus. By 1917, seven additional species had been described in the genus from the African rainforest. Harms (1940) in the second edition of Die natürlichen Pflanzenfamilien, recognized 11 species of Carapa, and Staner (1941) , in the treatment of Meliaceae of the Belgian Congo (DR Congo), indicated 14 species of which five were found in tropical America and nine in tropical Africa. The most recent and comprehensive treatment of the genus was that of Noamesi (1958) . In his revision of tribe Xylocarpeae, he recognized only seven species (C. guianensis Aubl., C. surinamensis Miq., C. macrocarpa Ducke and C. nicaraguensis C.DC. in America and C. batesii C.DC., C. procera DC. and C. grandiflora Sprague in Africa), reducing several other names to synonymy. Styles (1981) , in his treatment of Swietenioideae of the Neotropics, reduced C. nicaraguensis and C. macrocarpa to synonymy under C. guianensis, arguing that the differences in pedicel length and indumentum used by Noamesi (1958) were not adequate to discriminate between them. Further, Styles (1981) treated C. surinamensis as a synonym of C. procera, thus circumscribing it to have a amphiAtlantic distribution. Styles & White (1991) went even further, placing all African taxa in synonymy under C. procera, claiming that, at least on the basis of herbarium material, there were no clear characters to differentiate them. Thus, with the description of C. megistocarpa A.H.Gentry & Dodson (Gentry & Dodson, 1988 ) from Ecuador, three species of Carapa are currently recognized in America and only one in Africa. However, there is general consensus concerning the extreme variability of C. guianensis and C. procera, and several authors have emphasized that further investigations are needed to understand the taxonomic status of the different morphological variants within these two species better (Staner, 1941; Hutchinson & Dalziel, 1958; Keay, Onoche & Stanfield, 1964; Keay, 1989; Styles & White, 1991) . Varia- tion in leaf length, number of pairs of leaflets, petiole length, leaflet shape and dimensions (Fig. 2) , inflorescence and flower indumentum, flower colour ( Fig. 3) and size, pedicel length, number of ovules per locule, fruit colour, and the development of warty excrescences on the surface of fruits (Fig. 4) have been mentioned and used in the past to distinguish several taxa, most of which are currently included within more broadly defined species.
The main objectives of this study are to use a combination of field observations, spatial information and statistical analyses of morphological data within the framework of a molecular phylogenetic tree to reassess taxonomic boundaries in Carapa. Three basic questions are addressed: (1) how many morphological entities can be recognized within the genus?; (2) what are their distinctive features?; and (3) how is this morphological variation partitioned within the distribution range of the genus and the various habitats they grow in? The answers to these three questions are important: (1) to understand the roles that geography and landscape heterogeneity have played in morphological divergence; and (2) to delimit robust and reliably recognizable morphological species in Carapa.
MATERIAL AND METHODS

PRELIMINARY HERBARIUM STUDIES AND FIELDWORK
A preliminary morphological study of herbarium specimens was carried out to assess the variation of the characters mentioned above and to understand the geographical distribution of the different character states. Specimens were examined in search of distinctive combinations of characters that would enable them to be grouped into cohesive entities (morphospecies). Twenty-seven morphospecies (a priori groups) were defined based on combinations of characters used in the past to distinguish different species: number of leaflets per leaf; presence/absence of acumen on leaflets; presence/absence of indumentum on the rachis, midrib, inflorescence or flowers; presence/absence of a pedicel; position of inflorescence (cauliflorous vs. ramiflorous); and flower merosity. These morphospecies were working hypotheses for the remainder of the study.
Fieldwork conducted between 2003 and 2006 was designed to study further most of the morphological variation mentioned above, in four countries in Africa (Cameroon, Gabon, Ghana and Senegal) and three in Central and South America (Panama, Guyana and Ecuador) . Most of these countries include type localities of some published names in Carapa. Fieldwork was directed towards assessing possible correlations between the variation of the characters recorded, field features, such as habit and organ colour, and habitat requirement for the morphospecies. Collection of additional herbarium specimens and leaf tissue in silica gel for morphological and molecular studies was also carried out. Field trips also provided the opportunity to study herbarium specimens housed at IFAN, GC, SCA, YA, LBV, BG, STRI, PANAMA, QCA and QCNA (herbarium abbreviations following Holmgren, Holmgren & Barnett, 1990 ).
MOLECULAR DATA DNA was extracted from leaf tissue (silica gelpreserved or herbarium material) for one representative of all but three of the morphospecies (Table 1) and representatives of 15 other genera of Meliaceae. The amplification of the entire internal transcribed spacer (ITS) region of the ribosomal DNA (ITS1-5.8S-ITS2) was carried out by polymerase chain reaction (PCR), using the primers ITS4 (White et al., 1990) and LEU1 (Baldwin, 1993) . After sequencing in both forward and reverse directions, phylogenetic analyses were performed using maximum likelihood (ML) and all but one of the remaining 13 genera currently recognized in Swietenioideae and three of Melioideae as outgroups. For the ML analysis, the GTR+I+G nucleotide substitution model was chosen using the Akaike information criterion (AIC) in Modeltest version 3.06 (Posada & Crandall, 1998 as the best fit for our data set. Heuristic searches were carried out in PAUP* with tree bisectionreconnection (TBR) branch swapping and Multrees option in effect. Clade support was estimated using a likelihood bootstrap (LB) of 100 replicates with TBR branch swapping and Multrees option in effect. The best tree obtained from this analysis was used as a guide for partitioning morphological data in the morphometric analyses.
MORPHOLOGICAL CHARACTERS EXAMINED AND
DATA ANALYSIS
The application of numerical taxonomy to Carapa posed several problems. First, as with palms (Henderson, 2006) , leaves and/or leaflets in several species of Carapa are quite large (up to 1.8 m long, with eight to 40 leaflets of up to 65 ¥ 18 cm), which makes them difficult to fit onto standard herbarium sheets. Consequently, many herbarium collections are fragmentary and lack potentially useful characters such as number of leaflets per leaf and length of the petiole, which preliminary observations suggested might be useful in discriminating among taxa (Fig. 2) . Second, leaflet size generally increases from the base of the leaf towards the apex (e.g. see Fig. 2I ), precluding [ Photographs: G and L, Pierre-Michel Forget; remaining, David Kenfack] . comparisons among many specimens. In the rare cases where herbarium specimens comprise complete leaves, they are frequently folded in a way that does not allow scoring most characters. Third, fruits in Carapa vary considerably (Fig. 4) , but have been poorly collected, especially in Africa. Fourth, seed coat ornamentation and hilum shape are characteristic for many species (Fig. 5) , but again few collections with seeds exist for most species.
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Thus, the flower was the only organ that could allow inclusive comparative analysis of herbarium material. Carapa flowers are imperfect, with functional organs of one kind (stamens or ovary) and developed, but non-functional organs of the other (Pennington & Styles, 1975) . Furthermore, the two flower types are easily distinguishable. Morphometric comparisons can be made only between flowers of the same type, and carpellate flowers represented only 37 and 17%, respectively, of the tetramerous and pentamerous flowers dissected. Because of this paucity of carpellate flowers, measurements from staminate flowers were used primarily in the analyses presented Over 1360 herbarium specimens, including my own collections and loans from BR, F, GH, K, MO, NY, P and US were examined, but only 292 (Appendix) were used in the morphometric analysis for reasons enumerated below. Each specimen was scored for as many of the 72 characters in Table 1 as possible and assigned to a morphospecies (see above) numbered 1 to 27. To display the variation of the characters measured among morphospecies and depict those that are distinctive for each morphospecies, quantitative characters were represented graphically in the form of boxand-whiskers plots (Tukey, 1977;  figures not shown), using SPSS version 12.0. For each character, and each morphospecies, the box-and-whiskers plots show the value of the median, the first and third quartiles, the minimum and maximum measurements and the outliers. A one-way ANOVA combined with Tukey's post hoc test was used to investigate which of the quantitative characters varied significantly among the morphospecies and between which morphospecies they were significantly different.
Of the 72 characters examined, only 18 quantitative and four qualitative floral characters were used in the multivariate analysis because of the problems mentioned above. Principal coordinate analysis (PCoA) was carried out using NTSYSpc version 2.02f (Rohlf, 1998) . In these analyses, quantitative characters were standardized to reduce the effects of different scales of measurement when they comprised continuous and meristic characters. Qualitative characters were not standardized (Sneath & Sokal, 1973) . PCoA (Gower, 1966) is an exploratory method that projects in a reduced space the distances among objects computed using appropriate similarity or dissimilarity measures (Legendre & Legendre, 1998) . Compared with the traditional principal component analysis (PCA), PCoA performs better in identifying groups of objects (Rohlf, 1972; Chae & Warde, 2006) and also allows the use of both quantitative and qualitative data (Legendre & Legendre, 1998) . The outcome of PCoA does not depend on a priori classification of specimens and was therefore used to investigate independently whether the groups of specimens initially assigned to particular morphospecies could be recovered in the analyses.
Multivariate analyses were performed on specimens irrespective of the names they bore, using the tree topology resulting from the analysis of the ITS sequence data (Fig. 6) as a guide to partitioning the data sets. A nested analysis approach was used with successive PCoAs at global, clades and subclades level, making a total of 11 PCoAs.
GEOGRAPHICAL DISTRIBUTION
During fieldwork, altitude, latitude and longitude were recorded for each specimen using a hand-held GPS unit. For herbarium specimens, these data were taken from labels or were estimated post facto for detailed localities using the National Geospatial-Intelligence Agency (NGA) website (http://earth-info.nga.mil/gns/ html/) and/or Google Earth software (available at http://www.google.com/earth/index.html). Distribution maps of the morphospecies were produced using Arcview 3.2.
TAXONOMIC DECISIONS
The primary goal of reassessing patterns of morphological variation in Carapa was to look for morphological discontinuities among groups of specimens (morphospecies) that could allow one to distinguish them from other such groups. By and large, the decisions were based on the PCoA of staminate Figure 6 . Simplified best tree obtained from the maximum likelihood analysis of the nuclear internal transcribed spacer (ITS) ribosomal DNA of 24 morphospecies of Carapa. Only 24 of the 27 morphospecies delimited were used in this molecular analysis. Open circles on the branches indicate clades supported by at least one of the parsimony bootstraps (Ն 50%), likelihood bootstrap (Ն 50%) and Bayesian posterior probabilities (Ն 70%). The four major clades represented by roman numerals correspond to broad geographical areas.
flowers. However, in some instances, results from the univariate analysis of leaf and seed characters and other qualitative characters, such as flower colour, fruit shape and seed coat ornamentation, were used to supplement the results of the multivariate analysis. In making decisions as to whether these groups of specimens represented species, as far as possible a combination of morphological, molecular and spatial data was used to distinguish separate species. Groups of specimens that (1) showed 'strong' morphological discontinuities (e.g. non-overlapping number of leaflets, sessile vs. pedicellate flowers, different number of ovules per locule, etc.), (2) had overlapping ranges and/or occur in sympatry and/or (3) belonged to different well-supported clades of the ITS phylogenetic tree were considered as belonging to separate species.
RESULTS
GLOBAL MORPHOLOGICAL VARIATION
A one-way ANOVA showed significant differences for leaf (6.8 < F25,240 < 26, P < 10 ) and seed (51 < F18,697 < 462, P < 10 -40 ) quantitative characters. Tukey's post hoc analyses showed on average the most significant differences (P < 0.05) among the 27 morphospecies for seed characters (64% of pairwise comparison of means) compared with floral (38%) and leaf characters (25%) ( Table 2 ). The most useful leaf characters for discriminating among morphospecies are the number of pairs of leaflets (LNUM), the total leaf length (LL) and the ratio of petiole length to total leaf length (PETL/LL). Among floral characters, calyx, corolla and staminal tube dimensions are the most discriminating. The length and width of the hilum and hilum dimensions relative to seed dimensions are the most discriminating seed characters (Table 2 A PCoA of all 292 specimens spanning the entire distribution range of the genus in Africa and America was performed, using 18 quantitative and four qualitative floral characters (Table 3) , to test the morphological distinctiveness of the four clades of the ITS tree and the 27 morphospecies. Neither the clades recovered in the ITS analysis ( Fig. 7A ) nor the 27 morphospecies ( Fig. 7B ) could be distinguished in this analysis. However, it is apparent that there is only slight overlap of the American (morphospecies 1-11) and African (morphospecies 12-27) specimens, and the three morphospecies that have biovulate locules (number 4, 19 and 27), form a cluster separate from the rest. The first three axes explained 68% of the total variance among the specimens. The variation along the first axis (28% of the total variance) largely agrees with the highest positive loadings for three qualitative characters, merosity, pedicel indumentum and calyx indumentum, and ovule number; and the highest negative loadings for petal, pedicel and staminal tube length. The second axis explained 24.6% of the total variation and had highest loadings for nectary height and staminal tube length. Because representatives of the morphospecies from America and Africa formed distinct clades in the ITS tree topology (Fig. 6 ), further analyses were carried out separately for American and African specimens.
MORPHOLOGICAL VARIATION IN AMERICAN SPECIMENS
Specimens studied were collected from throughout central and northern South America and the West Indies and were provisionally placed in 11 morphospecies. The analysis of variance of 24 leaf characters measured from 130 leaves of ten of the 11 morphospecies recognized in the Neotropics showed significant differences (3.5 < F 9,130 < 39, P < 10
) among the different morphospecies. Leaflet dimensions, secondary veins and leaflet number are the most variable characters (Table 2) . Among floral characters, pedicel length, staminal tube length, sepal and petal length are the most discriminative characters ( Table 2 ). The number of ovules per locule is by far the least variable character within morphospecies.
Seed characters also varied significantly among the nine morphospecies (13.5 < F 8,280 < 39, P < 10 -9 ), with hilum dimensions and seed width as the best discriminators (Table 2) . Morphospecies 3 and 9 have the smallest seeds with a short hilum and morphospecies 4, 5, 6 and 8 have the largest seeds with the longest hilum (Fig. 5) . However, seed size is not correlated with hilum length (y = 0.2956x + 8.3115, R 2 = 0.0973). Seeds in morphospecies 1 are smaller compared with those in morphospecies 4, 5 and 6, but have relatively longer hilum (Fig. 5 ). In addition to these quantitative characters, variation was also found in seed coat colour and ornamentation. The seeds are always whitish in morphospecies 4 and dark brown in morphospecies 1 and 5. The seed coat is pitted in morphospecies 4, longitudinally fissured in morphospecies 1 and smooth in the other morphospecies (Fig. 5) .
A PCoA performed on all 131 specimens from America using 18 quantitative and four qualitative characters (Table 4) showed that the two major molecular clades I and II are not morphologically distinct (Fig. 8A, B ). In the plane of axes 1 and 2, an overlay of the 11 morphospecies shows two obvious clouds, a homogeneous one corresponding to morphospecies 4 of clade I and a composite cloud that includes specimens of the remaining morphospecies in both clades (Fig. 8C) . However, more careful inspection of this composite cluster shows that there is no interdigitation between morphospecies 2, 5 and 7 with the rest of the groups. In the scatter plot of axes 1 and 3, the two clades are again not discernable, but the separation of the morphospecies becomes more evident (Fig. 8D ). Here, specimens of morphospecies 3 appear well separated from the large composite cloud. Also the two pentamerous morphospecies (10 and 11) and the cauliflorous morphospecies (8 and 9) are separated from the others. The first three axes account for 68.3% of the total variation. The first axis alone accounts for almost 39% of the total variation, with highest loadings contributed by qualitative characters (CAUL, CALIND, PEDIND, MERO) and the staminal tube diameter (loaded negatively) and by two staminal tube characters (STATL, STATLL) and petal length (loaded positively) (Table 4 ). This first axis segregates specimens with shorter petals and staminal tube and fewer ovules (morphospecies 4) from those with much larger flowers and/or more ovules. The second axis explained 17.8% of the total variation contributed by the two qualitative characters PEDIND and CALIND (loaded positively) and OVUN and OVAL (loaded negatively). The third axis explained 11.6% of the variation and had SEPL as a major positive loading; morphospecies 3 is well separated along this axis.
To investigate whether further patterns could be detected in the variation shown by these specimens, two subsequent analyses were performed for each of the two major American clades (I and II). Clade I comprised four morphospecies (1, 3, 10 and 11). Except for morphospecies 1, which occurs partly west of the Andes of Colombia, all specimens of these four morphospecies were collected east of the Andes, from Venezuela to French Guiana and southwards to Peru and Brazil. American morphospecies with pentamerous flowers are restricted to this area, growing on the Guiana Shield. A PCoA of the 78 specimens from this area was performed using the same 18 quantitative and two qualitative floral characters (Table 5 ). The first axis of the PCoA (35.5% of the total variance) separated the two pentamerous morphospecies from the others, owing to the characters STID, STATD and MERO (positively correlated) and OVUN, ANTW and STATL (negatively correlated) (Fig. 9A) . The second axis (19.8% of the total variance) has STATLL and ANTL as major positive loadings and separates morphospecies 3 from the rest. In the plane of the axes 1 and 2, morphospecies 10 and 11 remain intermixed, although they can be distinguished based on seed characters. A PCoA of 69 seeds of the two morphospecies using six quantitative seed characters showed separate but adjacent groups in the two first axes of variation (Forget et al., 2009) .
Clade II included five morphospecies, all collected west of the Andes, from Ecuador to Nicaragua. One additional morphospecies (9) also occurs in this area, but was not included in the molecular study. A PCoA of the 53 specimens from this region was performed using 18 quantitative characters and two qualitative characters. In this analysis, the first three axes accounted for 80.5% of the total variance. The first axis explained 65.5% of the total variance, with OVUN, NECH and PEDL as major positive loadings and the two qualitative characters (PEDIND and CALIND) as negative loadings (Table 6 ). This axis separated specimens with few ovules and reduced indumentum (morphospecies 4) in the negative side from those with more ovules per locule and no indumentum (morphospecies 8 and 9) in the positive side (Fig. 10) . The second axis accounted for only 11.8% of the variance and had three characters (STID, ANTW and NECH) positively correlated and two (CALD and SEPL) negatively correlated. Morphospecies 1, 5 and 6 were well separated from one another along this axis. Except for morphospecies 8, which clusters with morphospecies 9, the others are clearly separated from each other and occupy different areas in this morphological space (Fig. 10 ).
MORPHOLOGICAL VARIATION IN AFRICAN SPECIMENS
The specimens examined in this analysis came from throughout the range of the genus in Africa. All have pentamerous flowers, except for specimens from the Island of São Tomé, which are predominantly tetramerous. Fifteen names have been published for specimens in this region, and 16 morphospecies have been distinguished. The analysis of variance of 24 leaf characters measured from 110 African specimens showed significant differences (3 < F 15,110 < 40, P < 10 -3 ) among the 16 morphospecies. Leaf characters revealed more discontinuity between African morphospecies compared with those from America (Table 2, cf. Fig. 2 ). Leaves are also longer in African specimens, particularly in morphospecies 17, 23 and 25, which also have longer rachises, but not longer petioles. Leaf and rachis length are strongly positively correlated (y = 0.9283x + 21.37, R 2 = 0.8725), but there is no correlation between leaf length and petiole length (y = 0.3813x + 56.23, R 2 = 0.0166). The ratio PETL/LL thus appears to be of taxonomic value for distinguishing these entities (Fig. 2) . Long-leaved morphospecies (17, 23 and 25) have more leaflets and also more extrafloral nectaries on the base of their petiole than other morphospecies. Tukey's post hoc analysis (Table 2) confirms that the ratio PETL/LL is by far the most useful discriminating leaf character (53% of significant differences among the 16 morphospecies), followed by the number of leaflets per leaf (LNUM).
Floral characters also vary significantly among the 16 morphospecies (4.5 < F 15,109 < 43.8, P < 10 -6
). Dimensions of the tepals, nectary and stigma are the most discontinuous characters that allow separation of the different morphospecies ( Table 2 ). The number of ovules per locule is constant in each morphospecies; those with four ovules predominate and those with two or six ovules are exceptional. Although the number of ovules per locule in these morphospecies was nearly always even, one specimen from Liberia, morphologically close to morphospecies 12, which normally has four ovules, had seven ovules in two flowers.
Seeds were available for only 10 of the 16 African morphospecies and the two to four seeds included in the analysis for morphospecies 15, 17, 20 and 25 came from a single plant. Seeds vary for the eight characters examined (48 < F 9,416 < 523, P < < 10 -50
) and can be useful in separating the 10 morphospecies. Hilum size and shape are the most discriminating characters (Table 2 ). All West African morphospecies (12, 13 and 14) have a smaller hilum whereas those from high elevation (4, 8 and 9) have a more developed hilum. In addition to these quantitative characters, seed coat ornamentation varies among these species. Morphospecies from high elevation (15, 19 and 20) have a smooth and shiny seed coat, whereas those from lower elevation have a more or less rugose seed coat (Fig. 5) .
Specimens of the two African clades III and IV largely overlapped in the morphospace of the first three axes of variation in a PCoA of all 160 African specimens (Fig. 11A, B) . Clade III, however, showed much more discontinuous variation compared with clade IV, with at least three morphologically distinct groups in the plane of the two first axes and two groups in the plane of axes 1 and 3. This analysis distinguished clearly two of the 16 morphospecies (19 and 27) in the scatter plots of the first three axes (Fig. 11C, D) . Although the rest of the specimens form a continuum, it is apparent that some morphospecies (e.g. 14 and 17, 14 and 19, 19 and 25, etc.) do not (Fig. 11C, D) . The three first axes of variation in this analysis account for 71.5% of the total variance (see Table 7 for the loadings of the variables). The most important characters that explain the clustering patterns along the first axis are ANTW, STID and OVUN (loaded positively) and PISL, STYL and STATL (loaded negatively). A PCoA of 51 specimens belonging to the six morphospecies of clade III and one specimen of morphospecies 18 (from São Tomé) was performed using 18 quantitative characters and three qualitative characters (Table 8 ). The seven morphospecies are largely morphologically distinct on axes 1 and 2 and on axes 1 and 3 (Fig. 12A, B) . Morphospecies 23 and 25 largely overlap in axes 1 and 2, but are well separated in axes 1 and 3, based on PEDL, STATLL, CALD and PETAL (Table 8) .
Clade IV included nine morphospecies from two major phytogeographical areas in Africa separated by the Dahomey gap, the Upper Guinea and the Lower Guinea and Congolia forest block (White, 1979) . A PCoA was performed on 108 specimens representing these morphospecies, again with the single specimen of morphospecies 18. In the scatter plot of the two first axes (55% of the total variance), some of the morphospecies occupy particular parts of the morphospace, but they all largely overlap (Fig. 13A , Table 9 ). Subsequent analyses were then performed using samples selected on the basis of phytogeographical considerations, separating specimens of West African morphospecies (morphospecies 12, 13 and 14), which formed a monophyletic group embedded within clade IV (Fig. 3) , from those originating from Central African forest block (see above).
A PCoA of the 55 specimens from West Africa using 17 quantitative characters and two qualitative indumentum characters (Table 10 ) separated the three morphospecies in the plane of the first and second axes (Fig. 13B) . The variables contributing the most to the variation along the first axis (35.57% of the total variance) were PEDL, STATLL and STAD (positively correlated) and STYL and PISL (negatively correlated) (Table 10 ). Specimens of all three groups varied considerably along this axis. The separation of specimens along the second axis, which accounted for 27.76% of the total variation, was attributable to the contribution of the character PEDL and the qualitative character PEDIND (positive loading) and NECD and OVAL (negative loading).
The data matrix of the remaining six Central African specimens groups along with the single specimen of group 18 from São Tomé comprised 18 quantitative and two qualitative characters measured from 54 specimens. The first three axes of the PCoA accounted for 71% of the total variation (Table 11 ). The highest positive loadings on the first axis were for OVUN and OVAL, and ANTW and STALL loaded negatively. For the second axis, STATD and STATLL had heavy positive loading and PETAL and PETAW had the highest negative loadings (Table 11 ). The scatter plot of the first and second axes (Fig. 13C) clearly depicted only distinct groups, of which one is a composite comprising morphospecies 18, 21, 22, 24 and 26. However, a separate analysis comprising only specimens from this composite group showed that four of them were morphologically distinct (Fig. 13D) . Morphospecies 18 appeared embedded within morphospecies 21. However the two are separate in axes 1 and 3 (figure not shown).
DISCUSSION AND TAXONOMIC INFERENCES
The ITS sequence data and statistical analyses of leaf, floral and seed characters showed correlated molecular and morphological variation in Carapa. In 202 D. KENFACK contrast to the taxonomic interpretation found in the current literature, the variation displayed suggests that far more than three morphological entities exist in the genus. The 24 (of 27) morphospecies included in the phylogenetic analysis formed four molecular clades, two African and two American, with strong geographical structuring. When analysed simultaneously, specimens of the four clades did not form discrete morphological groups, perhaps explaining the tendency of previous authors to recognize a limited number of species. Nonetheless, in a PCoA using floral characters, African and American specimens largely occupied different regions of morphospace with little interdigitation among them. The 27 morphospecies (Table 12 ) likewise did not form discrete groups in multivariate analyses performed at both global and continental scales, although each group occupied a specific area of the morphospace. When specimens of individual clades (as identified by molecular analyses), which also corresponded to broad phytogeographical regions, were analysed separately, patterns of variation among the morphospecies became more apparent.
Clade I comprised four morphospecies (1, 3, 10 and 11), all from the Cis-Andes, i.e. the region east of the Andes from the Caribbean to Brazil (Fig. 14) . Because there was geographical structuring in the phylogenetic analysis, specimens of morphospecies 7 from Venezuela were also included in the morphometric analysis of this clade. The analysis showed morphological discontinuities among morphospecies 1, 3 and 7, all with tetramerous flowers, which had previously been considered as part of the 'C. guianensis' complex, and which clearly form separate clusters in the PCoA. They also differ in their distributional ranges and habitats.
Specimens of morphospecies 1 occur almost throughout the range of the genus in the New World, from Brazil and Peru northwards to the Caribbean, and from French Guiana to Colombia, and along the Caribbean coast of Central America from Panama to Belize (Fig. 14) , thus overlapping with most of the other American morphospecies. Throughout most of its range, morphospecies 1 generally grows in flood plains and marshy conditions, but probably also on terra firme in French Guiana, Brazil and Peru. Specimens of this morphospecies 1 are unique in the genus in having small leaflets with an acute to acuminate leaflet apex and sessile (to subsessile) flowers with four-ovulate locules, relatively small seeds that yet have the longest hila so far documented in the genus. Material assigned to this morphospecies matched perfectly the type specimen of C. guianensis Aubl. and are hereafter referred to as C. guianensis sensu stricto (s.s.).
Morphospecies 3 has a narrower geographical range (Fig. 14) , from the Loreto province of Peru and Table 5 for the loadings of the different characters used. the adjacent Amazonian forest of Colombia and Brazil, overlapping with the range of morphospecies 1. Specimens of this morphospecies differ significantly from those of C. guianensis s.s. in having leaflets with rounded to emarginated apices and brown rusty indumentum on their midribs, distinctly pedicellate flowers and six-ovulate locules, and seeds with a short hilum (Fig. 5) . This combination of characters is unique in the genus and suggests that specimens of this morphospecies belong to an undescribed species.
Specimens of morphospecies 7 are restricted to northern Venezuela, above 800 m altitude (Fig. 14) , and resemble those of C. guianensis s.s. in having leaflets with an acuminate apex and ovaries with four-ovulate locules. However there are notable differences distinguishing them, specifically, the leaflets are always fewer (only four or five pairs vs. six to nine pairs in C. guianensis s.s.), the flowers are distinctly pedicellate and, more importantly, the seeds are smooth and have much more reduced hila (Fig. 5) . Based on these differences in morphology and habitat, specimens of morphospecies 7 are considered as belonging to a separate undescribed species.
Morphospecies 10 and 11 have pentamerous flowers and were placed by Styles (1981) in his 'C. procera' complex, making it a widespread species with a transAtlantic distribution. If this broad taxonomic view is accepted, all the morphospecies occurring in Africa will also have to be sunk into a single species. However, because African morphospecies formed wellsupported clades in the ITS tree, and also have distinctive morphological features, it seems best to consider the two morphospecies 10 and 11 as distinct from their supposed African congeners. Morphospecies 10 and 11 formed a composite cloud separate from the remainder of the morphospecies in morphometric analyses and had few differences in floral characters. Tukey's post hoc analysis showed significant differences for CALD, NECH, SEPL and STATLL. Quantitative leaf characters do not allow separation of the two entities, except for MLPET and the ratio BLL/TLL, although the tertiary venation is always loose and flat in morphospecies 10, but dense and prominent in morphospecies 11. The seeds of the two morphospecies are, however, different. Tukey's post hoc analysis showed significant differences for all but one of the seed characters (SEEW) between the two morphospecies, which are also separated on the ITS tree, albeit by a rather low maximum likelihood bootstrap value of 60%. Morphospecies 10 is endemic to central Guyana, where it is found generally on terra firme, whereas morphospecies 11 is more widespread, ranging from French Guiana to Guyana and northern Brazil. The two morphospecies grow in sympatry at Iwokrama (central Guyana) were they can be distinguished from each other, which suggests that they can be considered as belonging to separate species. Morphospecies 10 presents a novel combination of characters and corresponds to C. akuri Poncy, Forget & Kenfack (Forget et al., 2009 ). Specimens of morphospecies 11 matched perfectly the type of C. surinamensis and, following Noamesi (1958) , C. surinamensis is recognized in this study as separate from C. procera.
The molecular clade II comprised five morphospecies, all restricted to the trans-Andean region, the area west of the Andes from Nicaragua to Ecuador (Fig. 15) . Morphospecies 9 from the highlands of Colombia was not sampled for the molecular analysis, but was included in the morphometric analysis. Morphospecies 2, 4, 5 and 6, all with tetramerous flowers, were considered by previous authors to belong to C. guianensis, but they appeared well separated from one another in the morphospace of the PCoA (Fig. 10) . Furthermore, in the ITS tree, they all belonged to the well-supported clade II, whereas the rest of the presumed conspecific members (morphospecies 1, 3 and 7) were placed in clade I. These morphological, biogeographical and phylogenetic differences suggest that these morphospecies (2, 4, 5 and 6) can be considered as distinct species from C. guianensis s.s.
Of the five morphospecies of clade II, morphospecies 2, restricted to Panama, has the narrowest distribution range (Fig. 15) . It can be distinguished from the remaining morphospecies of clade II, based on their coriaceous leaflets with a rounded to emarginated apex and their distinctly pedicellate flowers with four-ovulate locules. In the field, individuals belonging to morphospecies 2 are readily distinguished from those of morphospecies 4 that occur in the same area. The first is a tall tree branched near its top, the branches spreading upwards, whereas the second is a small tree of marshy areas branching low and often with the branches arching downwards. Specimens of morphospecies 2 do not match any existing type and are to be described as a new species.
Morphospecies 4 is the second most widespread of those in the New World, occurring from Nicaragua to Panama and along the Pacific coast of Colombia and Ecuador (Fig. 15) . It occurs mostly at low altitudes (< 300 m) and favours marshy conditions. Its range overlaps with those of morphospecies 1, 5, 6, and 8. In the herbarium, specimens of morphospecies 4 are readily distinguished on the basis of their numerous prominent secondary veins, the presence of a rusty indumentum on the lower surface of leaflet blades, inflorescence branches and pedicels. More importantly, this entity is the only representative in the New World to have bi-ovulate locules. Specimens assigned to morphospecies 4 matched perfectly the type of C. nicaraguensis and were assigned to this species. Carapa nicaraguensis should no longer be considered as a synonym of C. guianensis s.s.
Morphospecies 5 is limited to Ecuador, where it occurs on the western slopes of the Andes in both primary and disturbed forests, generally above 600 m elevation. Individuals of morphospecies 5 were found growing a few meters from those of morphospecies 8 in the Reserva Rio Silanche. These specimens of morphospecies 5 are close to those of C. guianensis s.s. in having subsessile flowers with a whitish to yellowish disk. However, their leaflets have prominent secondary veins (vs. obscure in C. guianensis s.s.), the fruit is beaked and the seeds have rounded edges and shorter hila. This set of characters formed the basis for a new species being described as C. alticola Kenfack & A.J.Pérez (Kenfack & Pérez, 2011) .
Morphospecies 6, also only known from Ecuador, favours lower altitudes. It was found in sympatry with morphospecies 8 in the Reserva Ethnica Awá. Specimens of morphospecies 6 differ greatly from the material of C. guianensis s.s. in having long pedicels and six-ovulate locules. They also have the longest petals of all New World species and have being 12  13  14  15  16  17  18  20  21  22  23  24  25  27 (Kenfack & Pérez, 2011) . The two cauliflorous morphospecies (8 and 9) formed a composite group separate from the others in the plots resulting from the PCoA of trans-Andean specimens. Although barely separated from each other in the analysis of all specimens of clade II, these two morphospecies formed distinct groups in a separate analysis limited to the two (not shown). Specimens of morphospecies 8 correspond to the type of C. megistocarpa. Individuals of this species are easily distinguished in the field based on having their flowers borne on the main trunk. The seeds of C. megistocarpa are unique in having a whitish and pitted seed coat. Morphospecies 9 also comprises cauliflorous individuals, which differ from morphospecies 8 in having longer sepals, stout woolly pedicels and eight-ovulate ovary locules. In addition, morphospecies 9 occurs at higher elevations, up to 2300 m. They are considered here as a new species separate from C. megistocarapa.
The two African clades III and IV revealed in the ITS tree together comprised 16 morphospecies, all previously considered as 'variants' of C. procera (Styles & White, 1991) . Clade III included two wellsupported subclades and six morphospecies, all from the Central African forest block (Fig. 16) .
Morphospecies 16, 19, 23 and 25 formed a wellsupported clade and also formed discrete clusters in the PCoA morphospace. With the exception of specimens assigned to morphospecies 19, an entity endemic to the Eastern Africa montane forest (in Burundi, Rwanda and Uganda), the ranges of these morphospecies largely overlap.
Morphospecies 16 has a narrow distribution in lowland humid forest of southern Cameroon, an area where morphospecies 23 and 25 also occur. It comprises understory treelets growing to only 3 m tall, whereas morphospecies 23 and 25 are trees to 20 m tall. The leaves of morphospecies 16 are only three-or four-jugate, the leaflets being distinctly cuspidate at the apex, whereas those of the two other morphospecies have up to 22 pairs of leaflets, with rounded to acuminate apices. Moreover, specimens of morphospecies 16 have bi-ovulate locules, whereas morphospe- Table 8 for character loadings. Table 9 for character loadings.
Specimens of morphospecies 19 are restricted to east African mountains (Fig. 16) . They are trees to 25 m tall, generally with a short fluted trunk. This distinguishes them from individuals of morphospecies 16, which are understory treelets. Furthermore, although the two morphospecies have an overlapping number of leaflets, those of morphospecies 19 have an apex that is broadly acuminate (vs. cuspidate in morphospecies 16). Their seeds also differ. Those of morphospecies 19 are larger (2.5-4.5 vs. 1.5-2.0 cm in morphospecies 16) and have a smooth seed coat and well-developed hilum. Based on these differences in morphology, growth form and habitat preferences, morphospecies 19 is considered here to be a separate species from C. batesii. Morphospecies 19 also differs from morphospecies 23 and 25 in having fewer leaflets (four to seven vs. nine to 22 pairs) and, more importantly, the two latter have four-and six-ovulate locules, respectively, and their seeds are morphologically different from those of morphospecies 19 (Fig. 5) . Based on these features, morphospecies 19 is considered as a separate species from morphospecies 23 and 25. Specimens of morphospecies 19 are assigned here to C. grandiflora based on their habitat, the number of ovules per locule and their overall similarity with the type specimen.
Morphospecies 23 and 25 comprised specimens widely distributed in Central African lowland forest, where they are often found in close proximity growing on terra firme. Morphospecies 23 is generally a wellbranched tree to 20 m tall, whereas morphospecies 25 is often monocaulous or few-branched. Both entities have numerous extrafloral nectaries (Յ 35) at the base of their petiole, which clearly distinguish them from the rest of the genus with no more than seven nectaries. The most distinctive features separating these two morphospecies are floral and seed characters. The flowers in morphospecies 23 have a farinose indumentum on the inflorescence branches and pedicels, pink petals (Fig. 3) and four-ovulate locules, whereas, in morphospecies 25, they are glabrous, have purple to dark red petals (Fig. 3) and six-ovulate locules. In addition, the seeds of morphospecies 23 have an elongated hilum whereas those of morphospecies 25 have a rounded hilum (Fig. 5) . Because these two morphospecies present such strong morpho- logical differences, even in sympatry, they are considered here to belong to two separate species. The comparison of their morphological characteristics to the protologues of validly published species and type specimens seen, showed that material of morphospecies 23 more or less matches C. parviflora Harms and specimens of morphospecies 25 match C. macrantha Harms, both described from central Africa. The name C. parviflora was applied to specimens of morphospecies 25 because they have small flowers and despite one of their main characteristic features, the 'farinose indumentum of the inflorescence branches and pedicel', not mentioned in the protologue of C. parviflora. The name C. macrantha was assigned to specimens of morphospecies 23 which has 10-22 pairs of leaflets, despite the protologue of the C. macrantha mentioning only four to 11 pairs. The second subclade of the African clade III comprised morphospecies 15 and 27, both restricted to the rainforest of Cameroon, Equatorial Guinea and Gabon (Fig. 16) . Specimens assigned to the former all came from submontane cloud forest (800-1200 m elevation). They are tall trees to 35 m, their leaves have up to 16 pairs of narrow leaflets with fine tertiary venation impressed in the lower surface, the flowers have four-ovulate locules, the seeds are small compared with those of the other species that occur at high elevations, and also have a well-developed hilum. Morphospecies 27 comprises specimens disjunctly distributed in lowland forest from southeastern Nigeria and adjacent south-west Cameroon to Gabon and probably Equatorial Guinea. These are small straggling trees to 12 m tall, with branches arching downwards. They differ from members of morphospecies 15 in having leaves with only four or five pairs of obovate leaflets (Fig. 2 ) and farinose flowers with only bi-ovulate locules. The two morphospecies can be considered as separate species based on their habitat specialization and the morphological differences. In the transitional zone between submontane and montane forest, specimens of morphospecies 15 matched the protologue of C. angustifolia Harms, one of the five species described from Cameroon (Harms, 1917) , whereas those of morphospecies 27 had a novel combination of characters that indicate that they belong to a new species. The African clade IV is the most species rich of the four clades of the ITS tree, including nine morphospecies that span almost the entire distribution range of the genus in Africa (Fig. 17) . Specimens of morphospecies 18 from São Tome were included in the PCoA of this clade as they originate from the same area. The nine morphospecies formed three wellsupported subclades.
Subclade I included specimens from the two morphospecies 20 and 22. The former is restricted to montane forest in Central Africa, where it often occurs in sympatry with individuals of morphospecies 15 in the transitional zone between submontane and montane forest, whereas the latter occurs in coastal forest from sea level to only 200 m elevation. The two members of subclade I also present differences in growth habit: morphospecies 20 is a small tree to 12 m tall, branching low to form a dense crown, whereas morphospecies 22 includes large trees to 35 m, branched near their top. Although both have four-ovulate locules, their leaves and seeds present major differences. The leaflets are in four to six pairs in morphospecies 20 vs. seven to ten pairs in morphospecies 22, and the hilum is larger (14-18 mm) in morphospecies 20 than in morphospecies 22 (6-12 mm). Based on their habitat and morphological differences, the two morphospecies are considered as belonging to separate species. Specimens of morphospecies 20 were confused in the past with material of the east African species C. grandiflora, probably as a result of the apparent convergence in the morphology of their leaves and seeds. Because they belong to two different well-supported clades, and because morphospecies 20 has four-ovulate locules vs. being bi-ovulate in C. grandiflora, they are considered here as separate species. Botanists have long been aware of the distinction between C. grandiflora and the central African morphospecies 20. Indeed, Keay et al. (1964) already noted that the criteria used to distinguish the East African C. gran- diflora (bi-ovulate locules and fruits with < 10 seeds) from C. procera (s.l.) do not allow distinction of the high elevation species from the Obudu and Bamenda (in Nigeria and Cameroon, respectively) from the latter. The combinations of the features exhibited by morphospecies 20 and 22 suggest that they represent new species.
Subclade II comprised the morphospecies 21, 24 and 26, which have overlapping ranges and are morphologically similar to one another. They formed a composite cloud in the centre of the morphospace (Fig. 13C) . The floral characters used in the PCoA did not distinguish among these entities. However, they present other morphological, growth and habitat differences. Morphospecies 21 and 26 grow in wet valleys in association with species of Raphia P.Beauv., whereas morphospecies 24 grows mostly along the inland limits of mangroves in Gabon, often under saline conditions. Morphospecies 21 and 24 are small trees to 12 m tall, whereas morphospecies 26 grows to 30 m tall. Fruits are known for only two of the three morphospecies. Those of morphospecies 21 are conical and ribbed, whereas those of morphospecies 26 are globose with irregular warty excrescences (Fig. 4) . Also, the leaflets of morphospecies 21 are coriaceous and obovate, those of morphospecies 24 are coriaceous and oblong and those of morphospecies 26 are oblong and coriaceous. Based on the protologue, I assigned the specimens of morphospecies 21 to C. hygrophila Harms, a species described from southern Cameroon. Specimens of morphospecies 26 matched the type of C. procera var. palustre G.Gilbert, described from Congo in 1958 and so far considered a synonym of C. procera. A new combination raising this variety to the rank of species will be published elsewhere. Morphospecies 24 did not match any previously recognized species and will be therefore be described as a new species.
The third subclade of the African clade IV comprised morphospecies 12, 13, 14 and 17. The first three include specimens from West Africa (Senegal to Togo; Fig. 17 ) and formed distinctive clusters in the morphospace of a PCoA comprising only specimens from this region. These three morphospecies also formed a well-supported clade in the ITS tree.
Morphospecies 12 and 14 are similar, based on quantitative leaf and floral characters, and also have four-ovulate locules. However, they can be easily distinguished based on their indumentum. Morphospecies 12 comprises glabrous individuals, whereas the leaf rachis, the petiolules, the inflorescence branches and all parts of the flowers in morphospecies 14 are densely pubescent. Their ranges largely overlap and they were observed growing in mixed populations at Thionk-Essyl in Senegal. Because these two morphospecies present obvious morphological differences even when growing in close proximity, they can be considered as separate species. Specimens of morphospecies 13 were assigned to C. velutina, based on the similarity with the type specimen collected from Guinea. Specimens of morphospecies 14 matched the photograph of the presumed type of C. procera and are referred to as C. procera s.s., an assignment based on the lack of indumentum on all parts of the trees, the shape (oblanceolate to oblong) of the leaflets and as indicated in the protologue, 'less than six pairs of leaflets'. A more detailed explanation as to why the name C. procera should not be applied to the New World pentamerous species of Carapa is found in Noamesi (1958) .
Morphospecies 13 occurs from Western Ivory Coast eastwards to Benin (Fig. 17) and, in contrast to the morphospecies 12 and 14, which grow in gallery forest in savanna or dry forest, it is found primarily in periodically inundated terrains and along streams in wet forests. Morphospecies 13 has densely puberulent rachises, petiolules, leaflet midribs, inflorescence branches, bracts, pedicels, sepals and petals, but it can easily be separated from morphospecies 14 (and 12) in having smaller fruits and small seeds with tiny hila (Fig. 5) . Based on these differences and the similarity with the type of C. microcarpa A.Chev., specimens of morphospecies 13 were assigned to this species described from Ivory Coast in 1909.
Morphospecies 17 is endemic to a coastal forest belt from south-western Nigeria to Gabon, where it grows in wet valleys and along streams. It differs from the other members of its clade (morphospecies 12, 13 and 14) in having six-ovulate locules and fruits with warty excrescences (Fig. 4) . It is found in sympatry with morphospecies 25 within the 50-ha permanent plot in Korup National Park in Cameroon (Thomas et al., 2003; Kenfack et al., 2007) and with morphospecies 23 and 27 elsewhere in the park (D. Kenfack, pers. observ.) . On the basis of these observations, morphospecies 17 is considered here to represent a separate species from all of the others mentioned above. Based on comparisons with the protologues of existing names and the type specimens seen, morphospecies 17 corresponds to C. dinklagei Harms.
Morphospecies 18 was embedded within morphospecies 21 in the multivariate analysis of the central African composite group. Specimens of this entity are endemic to São Tomé e Príncipe. Although also placed as a synonym under C. procera by previous authors, they are large trees with a long bole (> 1 m in diameter) which branches high up (O. Hardy, pers. comm.), whereas C. procera s.s. comprises small trees with short trunk and low branches. Also, the material of morphospecies 18 is unique within Africa in having predominantly tetramerous flowers and small shiny seeds, which matched historical specimens identified as C. gogo A.Chev. (nomen nudum), and is to be formally described under this name.
In conclusion, the PCoA of staminate flowers showed 23 more or less discontinuous clusters and two composite morphospecies (8 + 9 and 10 + 11), which are further separated from one another based on leaf or seed characters. Most of the morphospecies have overlapping distribution ranges and some instances of strict sympatry involving some entities have been reported. The variation observed appears to be sufficient to recognize the 27 morphological entities as separate species. The distinction of these species is further supported by the variation in habit, flower and seed characters that have not been used previously for species delimitation in Carapa. This result is consistent with geography, habitat and the results of the molecular analyses.
By and large, the patterns of morphological variation revealed in this study are consistent with the delimitation of many species recognized in the past, but placed in synonymy by recent workers (Table 12) . Indeed, 15 of the 27 morphological entities recognized here can be assigned to previously described species, based on comparisons with their protologues and/or the type specimens (Table 12) , whereas the 12 morphospecies remaining exhibit novel combinations of characters that suggest that they represent undescribed taxa.
IMPORTANT DISCRIMINATING CHARACTERS This study shows the importance of staminate flowers in recognizing morphologically distinct species within Carapa. Compared with leaf characters, floral features are often less phenotypically plastic (Wilken, 1977; Cresswell, Hagen & Woolnough, 2001; Dorken & Barrett, 2004) and can be more reliable when comparing specimens from distant geographical areas. According to previous authors who have studied Carapa (Styles, 1981; Styles & White, 1991) , floral characters such as pedicel length, presence or absence of pubescence and the number of ovules per locule are 'too variable to be useful discriminators' and 'occur sporadically throughout the range of the African and New World species' (Styles, 1981: 418) . But the present study shows that these traits are often highly correlated and, when considered in combination, they can be of taxonomic value. The most important quantitative floral characters appear to be petal length, pedicel length, staminal tube length and number of ovules. Other floral features not considered in the present analyses also separate the morphospecies. Although most entities studied had greenish petals, four (morphospecies 17, 23, 24 and 25) had unique petal colours that can be used for their easy identification (Fig. 3 ). Trichomes are rare in Carapa and their presence appears to be of potential taxonomic importance. Only five of the 27 morphospecies recognized had an indumentum on their leaves, whereas eight had puberulous to farinose flowers. Although leaves were not as diagnostic as flowers, the combination of the number of leaflets and the length of the petiole is of apparent taxonomic value, especially for African material (Fig. 2) . Unfortunately, because of the large size of the leaves in some morphospecies, these characters are rarely observed in herbarium specimens. Features of leaflet apex are important in distinguishing between many pairs of morphospecies. For example, two groups could be distinguished based on the presence or absence of an acute apex, and the long-cuspidate apex is unique to morphospecies 16.
Previous authors have relied heavily on the number of seeds per locule to justify that the character was continuous among different variants of Carapa. Indeed, seed number is unreliable because of the abortion of some ovules or the compression of some seeds during fruit development. However, fruit colour and ornamentation, seed coat ornamentations and the length of the hilum relative to the length of the seed are important in discriminating among morphospecies.
Carapa is just one of the many examples of plant genera with species that present obvious and substantial differences in their field characters (e.g. habit and flower and fruit colour), but more subtle differences in herbarium specimens. Previous taxonomic treatments of the genus (Noamesi, 1958; Styles, 1981) were solely based on herbarium specimens. Herbarium diagnostic differences among morphospecies were either not found by these monographers, for example because of the fragmentary collections, or they were, but, considered insufficient for recognizing separate entities. As stated by White (1981) , 'at the same time that it is worthy undertaking taxonomic revisions at globalscale, it is almost impossible that the monographer will also have a worldwide field experience in his group to document such critical [field] differences'. In the present investigation, 23 of the 27 morphospecies of Carapa recognized in this study were examined and collected in the field, which was instrumental in discriminating among many of them.
